Background: Intermittent claudication can be neurogenic or vascular. Physicians use a profile based on symptom attributes to differentiate the 2 types of claudication, and this guides their investigations for diagnosis of the underlying pathology. We evaluated the validity of these symptom attributes in differentiating neurogenic from vascular claudication.
I
ntermittent claudication, recognized as pain in the legs associated with walking, is commonly reported among elderly patients. [1] [2] [3] [4] Two common pathologies produce intermittent claudication: lumbar spinal stenosis (LSS) resulting in "intermittent neurogenic claudication" (sometimes referred to as LSS syndrome) and peripheral vascular disease (PVD) leading to "intermittent vascular claudication." Although both produce activity-limiting symptoms in the legs, the pathogenesis of each differs. For neurogenic claudication, an extended lumbar posture narrows a degenerative stenotic spinal canal to a critical threshold, leading to direct mechanical compression or indirect vascular compression of the nerve roots and/or cauda equina. 5, 6 In vascular claudication, arterial vessel narrowing restricts blood flow to levels insufficient to match the metabolic demands of the lower extremity musculature. 7 
Verbiest
8 first described the symptom similarities for patients with these 2 types of claudication in 1954. Since that time, many authors have attempted to distinguish characteristics of these 2 patient groups. [9] [10] [11] [12] Despite today's noninvasive imaging technology, physicians must continue to rely on history and physical examination to guide their diagnosis. This is because the presence of LSS on magnetic resonance imagig (MRI) or computed tomography (CT) scans has been shown to poorly correlate with lower extremity symptoms. [12] [13] [14] [15] [16] [17] [18] Similarly, not all patients with PVD, demonstrated by their arterial brachial index (ABI) measurement on a Doppler ultrasound, have claudication symptoms. 19, 20 Moreover, both LSS and PVD can coexist in the same patient, and imaging studies are unhelpful in deciding which must be treated for relief of their claudication symptoms. 21, 22 Finally, the cost of MRI and CT, if performed for every patient reporting intermittent claudication, would become an unreasonable financial burden to our health care system. Historically, physicians have used different symptom attributes to differentiate neurogenic from vascular claudication. They consist of symptom triggers and alleviators, predictability of onset and time for relief, location and nature of the symptoms and association with posture. 9, 11, 12, [23] [24] [25] [26] Despite being theoretically consistent with the pathogenesis of either claudication type, these associations have not, to our knowledge, been clinically validated in the literature.
The purpose of our study was to establish the validity of these symptom attributes in differentiating intermittent neurogenic claudication from vascular claudication. To do so, we calculated the sensitivity, specificity, positive likelihood ratio (PLR) and negative likelihood ratio (NLR) for these symptoms. We hypothesized that a subset of these symptom attributes would reliably differentiate the 2 types of claudication. We hope the results will guide physicians in determining the etiology of intermittent claudication based on symptomatic presentation without relying on multiple expensive investigations.
METHODS
This was an observational cohort study approved by our institution research ethics review board. A research associate explained the study and provided a letter of information to every patient who fulfilled the inclusion and exclusion criteria described the next section. We obtained written consent from each patient enrolled in the study.
Selection and description of participants
We recruited patients attending the spine or vascular clinics at a tertiary care centre between July 2008 and July 2011 who reported intermittent claudication. Our inclusion criteria were a 6-month history of intermittent claudication symptoms (defined as "induction of pain in the legs and/or buttocks with walking, alleviated with standing or sitting") and either clinically important LSS or PVD diagnosed by a fellowship-trained ortho pedic spine surgeon or vascular surgeon, respectively. The exclusion criteria were concurrent PVD and LSS, non degenerative LSS (e.g., congenital, traumatic), mechanical back pain equal to or greater than claudication symptoms, radicular pain due to foraminal stenosis, previous back or vascular surgery, type 1 diabetes, lower extremity peripheral neuropathy, symptomatic hip or knee osteoarthritis, total hip or knee arthroplasty, inability to read/write English, inability to provide informed consent, substance abuse and/or mental illness.
To confirm that every patient had a single pathology, either LSS or PVD, each patient underwent MRI of the lumbar spine and had their ABI measured with Doppler ultrasonography. A fellowship-trained orthopedic spine surgeon (C.S.B.) reviewed the MRI scans in a blinded fashion to determine if severe central canal stenosis (LSS) was present. Certified ultrasonography technicians performed the ABI measurements. Values less than 0.9 were labelled as positive for PVD. 19, 20 Patients with findings positive for one test and negative for the other were enrolled in the appropriate group. No patients had positive results for both LSS and PVD.
Outcome measures
Patients completed a questionnaire (see the Appendix, available at cma.ca/cjs) pertaining to their claudication symptoms. This was completed with the assistance of a research associate or surgical resident to ensure proper understanding of the questions. All questions addressed different symptom attributes, including symptom triggers and predictability of onset, symptom alleviators and time for relief, symptom location, nature of the symptoms and association between symptoms and body posture. Each question elicited a response of "yes" or "no."
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Statistical analysis
We tested each question for its sensitivity, specificity, PLR and NLR (Table 1) for both the neurogenic and vascular groups. If a test item (i.e., symptom attribute) has a high sensitivity, a negative response can be useful in ruling out a disease; conversely, if a test item (or symptom attribute) has a high specificity, a positive response indicates a high probability of the presence of the disease. Because the prevalence of each pathology is unclear, sensitivity and specificity are less valid in determining clinical relevance. On the other hand, likelihood ratios are not affected by prevalence, and are therefore more valid in this context. They indicate how much the odds of having the disease increase when the test is positive (PLR) or decrease when the test is negative (NLR; Table 2 ). 27, 28 We began by calculating these values for individual symptom attributes. This yielded weak clinical significance only; therefore, we performed the same statistical analysis using combinations of symptom attributes. To do this, we combined in a stepwise fashion the attributes with the highest PLR values whose 95% confidence interval (CI) did not include 1 until we reached a PLR greater than 10, indicating a strong evidence for the pathology in question (LSS or PVD).
RESULTS
We enrolled 53 patients (12 women and 18 men, with an average age of 65 ± 7.6 yr in the neurogenic group and 8 women and 15 men with an average age of 61 ± 8.1 yr in the vascular group).The sensitivity, specificity, PLR, and NLR are provided for each symptom attribute classically associated to the neurogenic and vascular groups (Tables 3  and 4 , respectively). We analyzed every attribute for both groups. All PLRs obtained were less than 5 for any of the individual symptom attributes investigated (Tables 3 and  4) . This implies that a single symptom attribute represents weak evidence for one type of claudication over the other (Table 2 ). This result led us to create constellations of symptom attributes; these are presented in Tables 3  and 4 .
Neurogenic claudication
The symptom attribute best able to rule out intermittent neurogenic claudication (i.e., high sensitivity) was the absence of "triggering of pain with standing alone" (sensitivity 0.97, NLR 0.050; Table 3 ). The 3 largest PLR values were the alleviation of symptoms when sitting (PLR 3.8), triggering of symptoms when standing alone (rather than walking; PLR 3.2) and symptoms located above the knee (PLR 2.3; Table 3 ). In addition, the NLR values for these 3 symptom attributes were the smallest (0.21, 0.04 and 0.31, respectively), meaning that not only are these attributes most closely associated with neurogenic claudication, they are also the ones least closely associated with vascular claudication. Furthermore, despite small sample numbers, the 95% CI for the PLR and NLR values of each of these 3 symptom attributes did not include 1. However, because the PLR and NLR values were less than 5, they individually represented only weak evidence of neurogenic claudication.
Certain constellations of symptoms yielded stronger associations and, therefore, more clinically relevant results. The constellation consisting of triggering of symptoms with standing, relief with sitting, symptoms located above the knees and a positive shopping cart sign yielded a PLR of 13 (Table 2) .
Vascular claudication
The absence of the triggering of pain with walking was the most sensitive symptom with which to rule out vascular claudication in this cohort (sensitivity 0.96). However, 27 Ter m D e n i t i on Formula
Sensitivity
Likelihood that the diagnostic test will indicate the presence of disease when the disease is actually present
Speci city Likelihood that the diagnostic disease will indicate the absence of disease when the disease is actually absent
T-÷ (T-+ F+)
Positive likelihood ratio
Indicates how much more likely it is to get a positive test in a person with than without the disease S e n s i t i v i t y 
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the specificity of this attribute was 0.10, and both the PLR and NLR were very close to 1 (PLR 0.99; NLR 1.1), indicating that patients with neurogenic claudication experience pain with walking almost as frequently as those with vascular claudication. Therefore this symptom cannot be used as a positive discriminator for vascular claudication.
The alleviation of pain with standing alone (i.e., standing still/no walking) represents moderate evidence for vascular claudication (PLR 7.8). Symptoms located below the knees had a weak association with this etiology (PLR 2.9). The 95% CIs for both values did not include 1.
As in the neurogenic group, combination of symptom attributes led to stronger associations. The constellation consisting of alleviation of symptoms with standing alone, and symptoms located below the knees yielded a PLR of 20, which represents strong evidence for vascular claudication.
DISCUSSION
In 1858, Charcot 29 described vascular claudication as "weakness, numbness, cramping and stiffness of the legs with walking, and prompt relief with rest." It was not until almost a century later, in 1954, that Verbiest recognized the clinical syndrome of LSS. 8 He claimed "the most typical symptoms are tiredness and loss of power in the legs, anaesthesia and a feeling of numbness in the sacral dermatomes, and bilateral sciatica." Relevant to the findings of our study, he stated, "the symptoms are present only on standing or walking." He noted the resemblance to vascular claudication and recognized the clinical equipoise that this posed. 8 Subsequent publications have attempted to differentiate neurogenic from vascular claudication, but relied on clinical impression rather than quantitative assessment. 5 This has led to the classic associations of certain symptom attributes with either neurogenic or vascular claudication, yet the validity of these associations remains unclear. The present study established the validity of specific symptoms in differentiating neurogenic from vascular claudication.
Our study demonstrates that use of symptom attributes in isolation to differentiate between neurogenic and vascular claudication is weak at best. These attributes include the location of the symptoms (above the knees for neurogenic claudication; below the knees for vascular claudication) as well as the symptom alleviators (sitting for neurogenic claudication; standing for vascular claudication). However, alleviation of symptoms with standing alone has a moderate correlation with vascular claudication; its presence could direct physicians toward a vascular workup rather than neurogenic investigations.
Certain constellations of symptom attributes are more strongly associated with each type of claudication. We found that the presence of symptoms that are triggered with standing, relieved with sitting, located above the knees and have a positive shopping cart sign represent strong evidence that a patient has intermittent neurogenic claudication rather than vascular claudication. On the other hand, a patient with symptoms that are relieved with standing alone and located below the knees is much more likely to have vascular than neurogenic claudication.
In 1978, Hawkes and Roberts 12 compared the clinical history and examination between patients with degenerative LSS and those with PVD. They found that the vascular group had relief of symptoms when standing and a constant claudication distance and that the neurogenic group had pain with standing and variable claudication distance. Our study demonstrated similar findings regarding the dependence of symptoms with respect to standing, but we found that symptom onset with "constant claudication distance" was not predictive of the claudication type.
Dodge and colleagues 21 reviewed a series of patients with LSS who were treated with decompressive lumbar spine surgery. They found that some patients had persistent symptoms postoperatively due to a secondary vascular etiology contributing to their claudication. They noted that a cramping type of discomfort can be associated with both types of claudication, but that a motor deficit can usually be attributed to LSS. While our study supports their observation with respect to the cramping nature of the pain, we did not find a greater prevalence of subjective weakness in the neurogenic group, which differs from their suggested association with objective weakness.
Four recent studies [30] [31] [32] [33] have examined symptomatic presentation of patients with LSS, and the results of these studies were reviewed in a meta-analysis (n = 741) by Suri and colleagues. 4 The study population was not limited to patients with specific reports of intermittent claudication; rather, patients presenting with LBP and/or lower extremity pain were included. The meta-analysis concluded that the symptoms most commonly associated with LSS were absence of pain when seated, improvement of symptoms when bending forward and presence of bilateral buttock or leg pain. They also suggested that most of the symptom attributes classically associated with LSS were not specific to neurogenic claudication. Importantly, our data are in agreement with the results of the meta-analysis with respect to the positional influence of symptoms in patients with LSS.
Strengths and limitations
Strengths of our study include its prospective design and the fact that all patients were assisted by 1 of 2 health care staff members in a single institution, ensuring proper, consistent interpretation and understanding of every item on the questionnaire. Also, our cohorts comprised patients whose mainly reported lower extremity claudication symptoms rather than nonspecific low back pain or lower extremity symptoms.
Our study is limited by the size of our patient cohorts.
RESEARCH
Despite this limitation, we did obtain statistically significant results, as demonstrated by 95% CIs. Furthermore, it would have been useful to include physical examination findings in our analysis.
CONCLUSION
Our results indicate that most symptom attributes in isoloation have limited reliability in diagnosing neurogenic or vascular claudication. However, there is a specific constellation of symptoms that can significantly increase the likelihood of accurately predicting the underlying etiology of claudication. For neurogenic claudication, the constellation consists of symptoms that are triggered with standing, relieved with sitting and located above the knees and that have a positive shopping cart sign. For vascular claudication, the constellation consists of symptoms that are relieved with standing alone and located below the knees. Our results can guide physicians and surgeons in their evaluation of patients reporting intermittent claudication and encourage the appropriate use of health care resources. 34, 35 
